The Zeeman NQR of 79 Br and 81 Br in samples having relatively small r\ was studied on several bromine compounds which were in the powder or polycrystal state. The absorption lines were detected in the integral form by the bridge circuit. When a static magnetic field was applied, the line shapes were broadened and usually two dips appeared symmetrically at both sides of the zero field line. The values of rj were estimated from the patterns of the dips. For compounds such as NaBr0 3 , however, as expected no dips were observed.
Introduction
Powder Zeeman NQR (PZNQR) was theoretically studied by Toyama and Morino [1, 2] . Brooker and Creel developed it by computer simulation [3] . Graybeal and Green studied it experimentally [4] . We have also studied and observed PZNQR on Br and CI in several compounds [5, 6] .
In the case of nuclear spin 7 = 3/2, the asymmetry parameter (rj) of the electric field gradient can not be determined only from the measurements of NQR frequencies. Accordingly, it is usually derived from the Zeeman pattern of single crystal samples. Otherwise, it can be approximately estimated from the patterns of PZNQR. This method is useful when single crystals are not easy to prepare.
The patterns of PZNQR are grouped into the following three types [2, 3, 5, 6] . Type 1: the pattern has two clear dips at both sides of the original line (zero field line). In this type, the value of q is estimated from the geometry of the dips and gives a larger value than about 0.05. Type 2: the pattern yields two slight and broad mounds at both sides of the original line. In this case, r\ is estimated to be smaller than about 0.05, but not zero. like mound at the middle and two shoulders at both sides of it, rj is expected to be very small. In any case it should be noted that rj estimated by the method of PZNQR might have an uncertainty of around 0.05. This results from the circumstance that the frequency of the NQR oscillator gradually shifts during the data accumulation in the signal averager and the pattern is widely deformed. Therefore, the accumulating time must be as short as possible.
Experimental
The PZNQR due to Br nuclei in several compounds was studied at liquid N 2 (LN) temperature using a modified Schawlow's type NQR oscillator. As shown in Fig. 1 , the NQR oscillating coil was kept parallel to the Helmholtz-coil being able to supply static magnetic fields to the samples. A Dewar vessel filled with LN was set to cool the samples. The NQR signals were detected by the bridge circuit in the integral form and led to a signal averager to enhance the S/N [5, 6, 7] .
With a frequency modulation NQR oscillator operated at a low sweep speed, the signals were accumulated by the averager, and the patterns of the PZNQR were recorded. A saw-tooth voltage was supplied on a varicap-diode which generated the frequency modulation synchronizing for the accumulation. If the modulating frequency is perfectly linear with respect to the supplied voltage on the diode, q can be estimated from 0932-0784 / 90 / 613-0550 $ 01.30/0. -Please order a reprint rather than making your own copy. the geometrical points (type 1) or the figures (type 2 and 3) of the patterns recorded [6] , The above linear condition was also sufficiently valid in this experiment.
Results and Discussion
BBr 3 is liquid at room temperature. Its PZNQR pattern due to 79 Br was detected with increasing the static magnetic field. The result is shown in Figure 2 .
There are two resonance absorption lines originally (one line two times stronger than the other). The stronger line has the frequnecy 175.298 MHz. The weaker of 175.273 MHz is broadened and buried in the pattern of the stronger one with increasing the field.
As shown in Fig. 3 , the pattern has two clear dips (type 1), and rj is estimated by the following expression (see [5] ): Figure 4 . Its signals became broad and characteristic of the type 3 feature, so that rj was considered to be very small (see [3] ).
The 79 Br PZNQR of bromobenzene and of p-dibromobenzene and 81 Br of C 2 H 5 Br and of CH 2 Br 2 were obtained and are shown in Figs. 5, 6, 7, and 8, respectively. Their rfs are also thought to be very small. The rj of p-dibromobenzene is reported to be smaller than 0.05 by Shimomura [9] .
The 81 Br PZNQR of Br 2 is shown in Figure 9 . With increasing field, its pattern had two broad mounds at both sides of the original line. It is thought that the two peaks are overlapping at H and I and the very narrow dips are hidden by them. Therefore, it is thought to be in the category of the type 2 and its rj is 
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expected to be small, but not zero. In this case, rj is thought to be smaller than the value 0.2 determined at -20 °C by Kojima et al. [10] . The 79 Br PZNQR pattern of 1,4-dibromobutane was similarly obtained with the form of type 2, as shown in Fig. 10 , and its rj is thought to be small. For these compounds frequencies and the coupling constants determined by assuming rj = 0 except for BBr 3 at LN temperature are summarized in Table 1 . This method is advantageous for determining whether rj is small or very small.
